Purpose: The purpose of this study was to provide the practicing clinical ophthalmologist with an update on relevant glaucoma literature published from 2013 to 2014.
O ver the past year, a multitude of studies investigated the pathogenesis, diagnosis, and treatment of glaucoma. Many of these studies aimed to enhance the value of automated perimetry modalities and retinal nerve fiber layer (RNFL) analysis to identify early glaucoma. In addition, authors investigated novel compounds and new laser and surgical techniques for lowering intraocular pressure (IOP) and continued to explore the role of genetics in the development of elevated IOP and glaucoma.
This review highlights a selection of articles that appeared in the English-language literature over the past year. The authors conducted a 1-year (October 1, 2013, to September 30, 2014) English-language glaucoma literature search on PubMed of articles containing ''glaucoma'' or ''glaucomatous'' with title/abstract as a filter, which yielded 2314 articles. Titles and abstracts were read before determining inclusion, and selected articles were reviewed in full. We excluded reviews and letters to the editor. Large, prospective, randomized trials in humans were given preference for inclusion. The overriding consideration in the selection of specific articles was the desire to include new or updated approaches to the pathophysiology, diagnosis, or treatment of glaucoma that are relevant to the clinical ophthalmologist. Seventy-two articles were chosen for inclusion.
Articles were grouped in sections based on the following major categories: automated perimetry, optic nerve head (ONH) and imaging, structure and function, IOP, pharmacologic IOP lowering, corneal thickness and biomechanics, neuroprotection, glaucoma laser therapy, glaucoma surgery (trabeculectomy), glaucoma surgery (implants), minimally invasive glaucoma surgery, secondary glaucoma, glaucoma genetics, and glaucoma morbidity (see Table, Supplemental Digital Content, http://links.lww.com/APJO/A53).
Automated Perimetry
To evaluate the role of visual field (VF) reliability indices in ruling out glaucoma, Rao et al 1 analyzed the pattern of reliability indices in 291 eyes of 291 participants deemed to have normal eyes after glaucoma expert review but initially referred as glaucoma suspects due to cupping by comprehensive ophthalmologists. The authors found that the probability of a VF being falsely classified as glaucomatous by the Swedish interactive threshold algorithm was associated with false-negative response rates [odds ratio, 1.36; 95% confidence interval (CI), 1.25Y1.48; P G 0.001], which are not considered when flagging a test as unreliable in the Swedish interactive threshold algorithm. Authors caution that even small false-negative response rates can lead to VFs being falsely classified as glaucomatous. 1 Can patients' VFs improve? In their prospective study of 607 subjects in the Collaborative Initial Glaucoma Treatment Study with newly diagnosed open-angle glaucoma (OAG), Musch and associates 2 found that the number of participants demonstrating substantial VF improvement after treatment initiation was similar to that showing VF loss over time through 5 years, after which time VF loss became more frequent. Improved IOP control was a predictor for VF improvement, suggesting that the observed improvement probably was real because, at low peak IOP, apparent improvement exceeded apparent worsening by 3 to 1. Improvement was more common in women and less common in subjects with cardiovascular disease. Overall, however, the finding of nearly equal cases of improving and worsening suggests that most cases of change in mean deviation may be due to fluctuation and require confirmation. 2 Frequency-doubling technology perimetry (FDTP) was a popular topic in this year's literature, and many authors explored the role of FDTP in clinical practice. Liu and colleagues 3 prospectively followed 179 glaucomatous eyes and 38 normal eyes with standard automated perimetry (SAP) and FDTP testing at 4-month intervals for 36 or more months. Criteria for test location progression were a rate of change of visual sensitivity less than or equal to j1 dB/y for nonedge and less than or equal to j2 dB/y for edge locations. Frequency-doubling technology perimetry detected a greater number of progressing locations than SAP (P G 0.001). In addition, the mean deviation (MD) rate of change was significantly faster for FDTP (P G 0.001). 3 Similarly, Meira-Freitas et al 4 prospectively observed a cohort of 587 eyes with suspected glaucoma. In 63 eyes that developed SAP VF loss during average follow-up of 73 months, the mean rate of FDTP pattern standard deviation change was 0.07 dB/y compared with 0.02 dB/y in eyes that did not develop SAP VF loss. 4 In their prospective study of 51 nonglaucomatous controls and 40 patients with early glaucomatous nerve fiber loss, Prokosch and Eter 5 found that while sensitivity was highest for flicker-defined form perimetry (87%) and FDTP matrix (62.5%), the specificity was highest for SAP (69.2%). The authors suggest that there may be a role for multiple types of perimetry in the assessment of early glaucoma. 5
Optic Nerve Head and Imaging
To determine whether quantitative optic nerve parameters could effectively distinguish compressive from glaucomatous optic neuropathy (GON), Hata et al 6 prospectively assessed 34 patients with compressive optic neuropathy (CON), 34 agematched patients with moderate or severe GON, and 34 agematched controls. Measured using the Heidelberg Retina Tomograph (HRT) II and Spectralis optical coherence tomography (OCT), the mean and maximum cup depths were significantly smaller with CON than GON (both P G 0.001). Compared with glaucomatous eyes, the distance between Bruch membrane opening and the anterior surface of the lamina cribrosa was also significantly smaller in CON (P G 0.001). Although the cup to disc (C:D) ratio of CON eyes with a glaucoma-like disc did not differ significantly from cases of GON (P = 0.16), the distance between Bruch membrane opening and the anterior surface of the lamina cribrosa as well as the mean and maximum cup depths of CON eyes with a glaucoma-like disc were smaller than those with GON (P = 0.005, P = 0.003, P = 0.001, respectively). 6 In a similar work by Danesh-Meyer and colleagues 7 to differentiate CON from OAG, multivariate analysis of OCT measurements demonstrated that OCT temporal sectors are thinner in CON, and average C:D ratio, vertical C:D ratio, and cup volume measurements are larger in OAG. Heidelberg Retina Tomograph measurements did not distinguish between CON and normal discs. 7 Akkaya and associates 8 amassed a cohort of 60 primary OAG (POAG) patients with type 2 diabetes mellitus and 41 POAG patients without diabetes to determine the effect of metabolic control on ONH parameters. Duration of diabetes was not significantly correlated with rim area and volume (P = 0.81 and P = 0.79, respectively). There were weak but statistically significant associations between hemoglobin A1c levels and some HRT III parameters including disc area (r = 0.35, P = 0.006), cup area (r = 0.35, P = 0.006), cup volume (r = 0.32, P = 0.01), and cup shape measure (r = 0.32, P = 0.01), implying a protective effect of diabetes over glaucomatous optic nerve insult that warrants further investigation. 8 Xu and colleagues 9 investigated the temporal relationship between ONH surface depression as measured by confocal scanning laser ophthalmoscopy and RNFL thinning as measured by spectral domain OCT (SD-OCT) in 3238 OCT and 3238 confocal scanning laser ophthalmoscopy images obtained from 146 glaucomatous eyes and 70 normal eyes over an average of 5.4 years. Of 23 glaucomatous eyes with both ONH surface depression and RNFL thinning, 19 (82.6%) had ONH surface depression before RNFL thinning with a median lag of 15.8 months. In the glaucoma group, only 7% of the eyes (4/57) had RNFL thinning at the onset of ONH surface depression, but 45.7% of the eyes (21/46) had ONH surface depression at the onset of RNFL thinning. A significantly worse survival probability was observed in eyes with ONH surface depression compared with eyes with RNFL thinning (P = 0.002).
Although agreement with VF progression was poor for RNFL thinning and ONH surface depression, in eyes with all 3 findings, ONH surface depression preceded VF progression in all eyes (6 eyes). 9 Shin et al 10 investigated the effect of myopic optic disc tilt on SD-OCT parameters and found that the temporal RNFL was significantly thicker in the tilted disc compared with nontilted disc groups. No significant differences were observed in ganglion cell-inner plexiform thickness between the 2 groups, leading authors to recommend using caution when interpreting temporal RNFL thickness in glaucomatous eyes with tilted optic discs. 10 Similar findings were reported by Mayama and colleagues 11 in their study using measurements obtained by HRT II.
Although the ISNT rule (inferior 9 superior 9 nasal 9 temporal) for evaluating the neuroretinal rim is commonly used in clinical assessment of the optic disc, multiple researchers cautioned that the ISNT rule with measurements obtained by SD-OCT 12 (RTVue), Cirrus high-definition OCT, 13 and HRT 14 does not permit robust differentiation between glaucomatous and nonglaucomatous discs.
Field and colleagues 15 sought to determine whether intereye RNFL asymmetry is suggestive of glaucoma. In 66 OAG eyes and 40 age-matched controls, intereye RNFL asymmetry for global average, all quadrants, and all sectors were significantly greater in OAG eyes compared with controls. Global average asymmetry showed the greatest statistical difference between OAG and normal eyes (P G 0.001), with a sensitivity of 74.24% and specificity of 90% when the global asymmetry cutoff was set at 6.0 Km.
Given the paucity of normative data on RNFL thickness in children, the role of OCT in congenital and juvenile glaucoma is unclear. Srinivasan and associates 16 performed a case-control study of 45 eyes of 37 children who underwent glaucoma surgery for primary congenital glaucoma and 72 eyes of 41 normal children and found that all global SD-OCT parameters including rim area, average RNFL thickness, and ganglion cell complex (GCC) thickness were significantly different in children who underwent surgery for primary congenital glaucoma compared with normal children. They are the first to report the GCC values of normal and glaucomatous eyes in children. The authors note that future work is needed to evaluate the role of following RNFL change in children unable to complete reliable VF testing. 16 Imaging of the optic nerve can occur outside of the ophthalmic imaging suite. Ramli and collegues 17 used 3-T magnetic resonance imaging to evaluate ONH volume in patients with bilateral symmetric glaucoma classified as mild or severe. Significantly lower nerve volume in the severe glaucoma group compared with both the mild and control groups was found. Optic nerve volume less than 236 mm 3 was 96% sensitive and 80% specific for severe glaucoma by VF criteria. Magnetic resonance imaging research conducted by Chen et al 18 revealed that morphologic changes in the lateral geniculate nucleus (LGN), particularly LGN height, were significantly correlated with damage to the optic disc in POAG patients, whereas morphologic changes to the LGN were not related to optic disc parameters in nonglaucomatous control subjects.
(179 eyes) or not (101 eyes). Retinal nerve fiber layer and GCC parameters of SD-OCT had better sensitivities and negative likelihood ratios to diagnose glaucoma. However, the specificities and positive likelihood ratios of most SD-OCT parameters were inferior to SAP. 19 Suh et al 20 investigated the relationship between structural damage as measured by RNFL thickness and area of RNFL defect and function as measured by VF indices. A logarithmic scale of RNFL thickness had a negative linear relationship with VF indices. Correlation between the RNFL defect area and MD was significantly greater in the severe stage of VF loss compared with earlier stages (partial Spearman correlation coefficient, j0.66; P = 0.02). 20 In similar work, Alasil and colleagues 21 found that the RNFL thickness at which VF loss initially becomes detectable was 100 Km superiorly (inferior VF loss) and 73 Km inferiorly (superior VF loss).
Recognizing the value of identifying glaucoma suspects who will progress to perimetric glaucoma, Miki and colleagues 22 prospectively analyzed 454 eyes of 294 glaucoma suspects with SD-OCT and VF examinations and observed that the rate of global RNFL loss was more than twice as fast in suspect eyes that developed VF defects compared with suspect eyes that did not (j2.02 Km/y and j0.82 Km/y, respectively; P G 0.001). The authors suggest that measuring the rate of SD-OCT loss may be useful in the clinical assessment of glaucoma suspects. 22 Selbach et al 23 used Dynamic Vessel Analysis, a noninvasive device that obtains video images of the fundus under green monochromatic light to measure retinal vessel parameters, to measure responses of the retinal vessels to flickering light provocation and evaluate the effects of surgical IOP reduction on retinal blood flow parameters in glaucomatous eyes. In eyes that demonstrated inadequate arterial dilation compared with nonglaucomatous eyes in response to flickering light stimulation preoperatively, the maximum dilation of arteries after the flicker provocation improved from 1.4% before to 3.8% after trabeculectomy (P G 0.01), suggesting a possible improvement in retinal perfusion after successful IOP reduction. 23 Using SD-OCT to evaluate the in vivo changes in Schlemm's canal (SC) in patients with primary angle-closure glaucoma after trabeculectomy, Hong and associates 24 observed a significant increase in the diameter and area of SC at the follow-up examination compared with the baseline value (mean T SD SC diameter, 34.2 T 6.2 Km and 28.4 T 6.1 Km, respectively; mean T SD SC area, 8117 T 1942 Km 2 and 5200 T 996 Km 2 , respectively; all P G 0.001). Change in IOP was the only variable related to changes in SC after multivariate analysis (SC diameter, P = 0.002; SC area, P G 0.001). 24 HirneiQ and colleagues 25 assessed the relationship between structure and function by examining the effect of RNFL thickness obtained by SD-OCT on VF loss and patient-reported visual functioning in 176 eyes of 88 glaucoma patients. In multivariate regression analysis, visual acuity in the better eye (as judged by MD) and MD of the worse eye (R 2 = 0.334) were the best predictors of patient-reported visual functioning. Inclusion of structural parameters did not improve the prediction of patientreported visual functioning scores. 25 Marvasti et al 26 evaluated the relationship between VF index (VFI) and retinal ganglion cell count as estimated using time-domain OCT (TD-OCT) measurements and observed that the relationship is nonlinear. Visual field index underestimated the amount of neural loss early in perimetric glaucoma, which authors caution may affect interpretation of the rate of VFI change over time. 26 In a group of 492 eyes of 328 glaucoma suspects, Medeiros and associates 27 calculated the mean rate of rim area change in eyes that developed VF loss compared with those that did not and found the difference to be j0.011 mm 2 /y versus j0.003 mm 2 /y, respectively (P G 0.001). In multivariate analysis, every 0.01 mm 2 /y faster rate of rim area loss was associated with a 2.94 higher risk of VF damage (hazards ratio, 2.94; 95% CI, 1.38Y6.23; P = 0.005). 27 
Intraocular Pressure
Given the wide diurnal fluctuations in IOP, a contact lens or implantable device that measures continuous IOP has been sought. Araci and associates 28 used microfluidics principles to develop an implantable pressure sensor. The device was embedded into an intraocular lens and implanted in pig eyes during cataract surgery. When enucleated porcine eyes were tested in a pressure chamber, high sensitivity and low measurement variability resulted in a pressure limit of detection of 1 mm Hg. 28 Chen and associates 29 developed a chipless contact lens that senses corneal curvature deformation to monitor IOP. Tested on a silicone cornea, the lens accurately tracked the curvature change as a function of IOP. 29 In a longitudinal cohort study of aging Swedes, Å ström et al 30 found a small but statistically significant increase in IOP of 0.05 mm Hg/y (P G 0.001) between ages 66 to 87 in eyes not having undergone cataract extraction. The estimated contribution of cataract surgery was j2.13 mm Hg (P G 0.001), and pseudoexfoliation (PEX) contributed an estimated +2.05 mm Hg to IOP (P G 0.001). On average, women in the study had a 1.22 mm Hg higher IOP than men (P = 0.001). 30 Kim and associates 31 investigated the long-term effects of multiple intravitreal antiYvascular endothelial growth factor injections on IOP in 629 eyes with neovascular age-related macular degeneration and 95 eyes with prior retinal vein occlusion. In the Cox proportional hazards analysis, prior retinal vein occlusion (3.424, P = 0.005), diagnosis of glaucoma (8.441, P = 0.001), and low baseline IOP (0.865, P = 0.040) were significant risk factors for IOP elevation, but a history of multiple intravitreal antiYvascular endothelial growth factor injections alone was not a significant risk factor for IOP elevation, defined as an increase of 5 mm Hg over the baseline measurement on 2 consecutive visits. Similar conclusions were reached by other groups in work published this year. 32, 33 Pharmacologic Intraocular Pressure Lowering Rho kinase (ROCK) inhibitors are a potential new class of ocular hypotensive agents currently undergoing phase 2 and 3 US Food and Drug Administration trials. 34 Preclinical studies this year demonstrated the ability of novel ROCK inhibitors to lower IOP in rabbits 35 and monkeys. 35, 36 Animal models suggest that ROCK inhibitors reduce IOP by changing the cellular behavior of trabecular meshwork cells and increasing aqueous humor drainage via the trabecular meshwork. 37, 38 The phase 1 trial of ROCK inhibitor candidate drug K-115 demonstrated its efficacy for lowering IOP from baseline at 0.05%, 0.1%, 0.2%, 0.4%, and 0.8% concentrations with ocular hyperemia occurring in more than half of participants after instillation. 39 In the phase 2 dose-response study, K-115 0.04% was selected as the optimal dose; 65.3% of patients developed conjunctival hyperemia at this dose. 40 AR-13324 is a both a ROCK inhibitor and an inhibitor of the norepinephrine transporter. 41 In a double-masked, randomized study of 213 patients with OAG or ocular hypertension, Bacharach et al 41 compared the safety and efficacy of 2 concentrations of AR-13324 with latanoprost. Mean diurnal IOP was 20.1, 20.0, and 18.7 mm Hg in the AR-13324 0.01%, AR-13324 0.02%, and latanoprost groups, respectively, a significant difference in all groups compared with the nontreated baseline IOP (P G 0.001). The standard for establishing noninferiority of AR-13324 to latanoprost was an upper 95% confidence limit of less than 1.5 mm Hg for the difference between the 2 therapies. Because the upper confidence limits were 2.3 and 2.2 mm Hg at day 28 for the AR-13324 0.01% and AR-13324 0.02% groups, respectively, the criterion for noninferiority to latanoprost was not met. Ocular hyperemia, the most frequently reported adverse event, was more common for both concentrations of AR-13324 compared with latanoprost. 41 Fixed combinations of ocular hypotensives may help improve ease of use and compliance. Ozyol and Ozyol 42 investigated the efficacy of a latanoprost/timolol fixed combination dosed nightly versus an unfixed combination of timolol gelforming solution dosed once in the morning and latanoprost dosed in the evening. Although mean IOP reduction from baseline was significant in both groups (P G 0.01), the mean IOP reduction at week 8 was significantly greater in the unfixed combination group compared with the fixed combination (mean T SD, 5.7 T 3.2 mm Hg and 3.2 T 2.1 mm Hg, respectively; P = 0.001). A decrease in daytime IOP fluctuation was also observed in both groups, and the difference between the fixed and unfixed combination groups was not statistically significant. 42 In a population-based cross-sectional study of 7093 older British men and women to determine the association between systemic medication use and IOP, Khawaja et al 43 found that use of systemic A-blockers (j0.92 mm Hg; 95% CI, j1.19 to j0.65; P G 0.001) and nitrates (j0.63 mm Hg; 95% CI, j1.12 to j0.14; P = 0.011) were independently associated with lower IOP, but the use of statins or aspirin were not statistically associated with IOP after adjustment for A-blocker use. The authors report that their study is the first population-based study to demonstrate and quantify the differences in IOP among users of A-blockers and nitrates. 43 Seeking to reduce the burden of topical IOP-lowering medication administration, Fedorchak and associates 44 performed proof-of-principle testing of a controlled release brimonidine tartrate formulation encapsulated in poly(lactic-co-glycolic) acid microspheres. Rabbits treated with a single subconjunctival injection of loaded microspheres and those treated with topical brimonidine demonstrated significantly lower IOP measurements compared with rabbits that received blank unmedicated microspheres with no evidence of migration or foreign body response at 4 weeks. 44 
Corneal Thickness and Biomechanics
To evaluate the role of corneal biomechanical properties on IOP reduction after selective laser trabeculoplasty (SLT), HirneiQ and colleagues 45 examined a group of 68 eyes of 68 medically uncontrolled OAG patients and found in linear regression analysis that corneal hysteresis (CH), corneal resistance factor, and baseline IOP together explain the IOP reduction with an R 2 of 64%. Patients' baseline IOP significantly correlated with the IOP-lowering effect of SLT (maximum Spearman correlation r = 0.75, P G 0.001). 45 Pakravan and associates 46 investigated the changes in corneal biomechanics after trabeculectomy (23 eyes, group 1), phacotrabeculectomy (23 eyes, group 2), Ahmed valve implantation (17 eyes, group 3), and phacoemulsification (26 nonglaucomatous eyes, group 4). Preoperative CH was lower in glaucomatous eyes (5.4, 5.3, 5.2, and 8.1 mm Hg in groups 1, 2, 3, and 4, respectively; P G 0.001), and mean CH 3 months after surgery was significantly increased in glaucomatous eyes (mean CH increased by 2.16, 2.29, and 2.30 mm Hg in groups 1, 2, and 3, respectively, P G 0.001), a finding that was not observed in the nonglaucomatous phacoemulsification eyes (CH increased by 0.11 mm Hg, P = 0.704). 46 Corneal hysteresis has been previously reported to partially recover after successful IOP reduction, 47, 48 which leaves open the possibility that CH at high IOP is reduced due to a mechanical aspect of ORA measurement rather than inherent corneal properties. 47 In their study of corneal biomechanical differences between pseudoexfoliation glaucoma (PEXG) and POAG eyes, Ozkok et al 49 found the mean CH and mean corneal resistance factor to be significantly lower in eyes with PEXG than those with POAG (P = 0.0007 and P = 0.0001, respectively), but corneal-compensated IOP was not significantly different between the 2 groups (P = 0.72). 49 Neuroprotection Several promising preclinical studies sought to identify novel compounds and mechanisms of neuroprotection. Cheng and colleagues 50 identified a novel cyclopeptide (C*HSDGIC*) that inhibited ultraviolet B irradiation-induced apoptotic cell death in a retinal ganglion cell line. In addition, pretreatment of rats with the novel cyclopeptide resulted in significantly preserved electroretinogram amplitudes of the A wave, B wave, and photoptic negative response after induction of in vivo retinal ganglion cell apoptosis compared with untreated rats. 50 In adult Sprague-Dawley rats, You and associates 51 induced unilateral hypertensive glaucoma and found that rats to which fingolimod (an immunomodulatory drug approved for treating multiple sclerosis) was administered intraperitoneally had reduced loss of scotopic threshold response and significant preservation of ganglion cells and optic nerve axons.
Oncostatin M, a member of the IL-6 family of cytokines, was injected intravitreally in mice immediately after optic crush injury in research conducted by Xia and colleagues. 52 Significantly higher retinal ganglion cell survival (P G 0.001) and electrophysiological activity as measured by pattern ERG amplitude (P = 0.003) were observed in treated mice compared with control mice. 52 Studies continue to seek possible neuroprotective mechanisms in well-established IOP-lowering agents. Pretreatment of pilocarpine to a rat retinal cell culture attenuated glutamate-induced neurotoxicity, a finding from Tan et al 53 that was dose dependent and eliminated by application of atropine and pirenzepine, nonselective and M1-selective muscarinic receptor antagonists, respectively. In their in vivo rat model, inner retinal degeneration was significantly reduced by the application of topical 2% pilocarpine, and a cholinergic cell marker choline acetyltransferase was found to be upregulated. The authors highlight the potential neuroprotective action of pilocarpine and posit that muscarinic receptors are potential therapeutic targets in glaucoma that might afford a neuroprotective effect. 53 
Glaucoma Laser Therapy
To investigate the effects of adjuvant SLT versus medication alone on IOP control, medication use, and quality of life in POAG patients, Lee and associates 54 prospectively randomized 41 consecutive POAG patients to receive a single 360-degree SLT treatment or to continue their usual medication regimen. In both groups, IOP-lowering therapies were titrated to the lower of either a 25% reduction from baseline IOP without medication or less than 18 mm Hg. At 6 months, the SLT group had a lower IOP (P = 0.03) and required fewer medications compared with baseline and the medication only group (P G 0.001 and P = 0.02, respectively) with no statistically significant difference in 54 In a prospective evaluation of normal tension glaucoma eyes, Lee et al 55 found a 19.7% reduction in prestudy IOP, a 29.6% reduction from baseline IOP, and a 26.7% reduction in IOP-lowering therapy 6 months after SLT (all P G 0.05). Do topical anti-inflammatory medications after SLT influence its IOP-lowering effect? Jinapriya and colleagues 56 randomized patients with POAG and PEXG to receive placebo (artificial tears), prednisolone acetate 1%, or ketorolac tromethamine 0.5% eye drops 4 times per day for 5 days immediately after SLT. Neither mean change in IOP at all times measured nor treatment failure rates were significantly different among groups. At 1 year after SLT, the percentage of patients maintaining a 20% IOP reduction was 18% to 23%. 56 Susanna et al 57 investigated the safety and efficacy of neodymium-doped yttrium aluminum garnet laser goniopuncture for IOP lowering in eyes with late bleb failure and patent internal ostia after trabeculectomy with mitomycin C (MMC) and found the mean IOP decreased from 20.9 mm Hg prelaser to 11.9 mm Hg postlaser (P G 0.001) with concomitant decrease in IOP-lowering agents per eye from 0.7 prelaser to 0.3 postlaser with mean follow-up of 6 months after laser, suggesting a promising method by which to prolong trabeculectomy success.
Glaucoma Surgery (Trabeculectomy)
The Tube Versus Trabeculectomy Study was a randomized multicenter study of 212 patients with medically uncontrolled glaucoma who underwent cataract and/or glaucoma surgery before enrollment and were randomized to tube shunt or trabeculectomy with MMC. Previously reported 5-year results found similar IOP and use of IOP-lowering therapy in both groups. 58 Until now, patients who underwent additional glaucoma surgery were censored from analysis. The new data reveal that the rate of subsequent glaucoma surgery was higher after trabeculectomy (29%) than tube shunt (9%, P = 0.025). 59 Intraocular pressure, number of glaucoma medications, and cumulative probability of failure after additional glaucoma surgery were not significantly different between the groups. 59 Yamada and collegues 60 used data from 2 prospective multicenter studies to estimate the risk of blindness after blebrelated infection after trabeculectomy. Using data from the Collaborative Bleb-Related Infection Incidence and Treatment Study, the calculated mean T SD cumulative incidence of blebrelated infection at 5 years was 2.6% T 0.7%; the incidence of endophthalmitis was 0.9% T 0.4%. Then, they used the Japan Glaucoma Society Survey of Bleb-Related Infection to calculate rates of blindness (using World Health Organization criteria of 0.04 or less): 14% after bleb-related infection and 30% after endophthalmitis. Overall, they estimated the rate of blindness due to infection developing within 5 years of trabeculectomy to be 0.24% to 0.36%. 60 Recognizing the challenge of treating glaucomatous eyes that demonstrate progression despite low IOP, Schultz et al 61 examined the safety and efficacy of trabeculectomy with MMC in NTG patients with preoperative IOP less than or equal to 15 mm Hg during the 12 months before surgery. Thirty eyes of 28 patients were enrolled. The mean T SD postoperative IOP (8.6 T 2.9 mm Hg) and number of glaucoma medications (0.6 T 1.0) at final follow-up (50 T 31 months) were significantly lower than before surgery (13.2 T 1.4 mm Hg and 2.5 T 1.2, respectively; P G 0.001). At 4 years follow-up, the probability of having achieved an IOP goal less than or equal to 10 mm Hg was 68%. The cumulative probability of IOP reduction less than 20% below baseline was 32% during 5 years of follow-up. 61 Glaucoma Surgery (Implants)
The Ahmed Versus Baerveldt Study is a prospective, multicenter, randomized trial to compare long-term efficacy of the Ahmed valve with the Baerveldt implant in patients with refractory or high-risk glaucoma, and the 3-year results were recently released. 62 Both devices were effective in reducing IOP and glaucoma medications. At 3 years, mean T SD IOP was 15.7 T 4.8 mm Hg in the Ahmed group (49% reduction from baseline, P G 0.001) and 14.4 T 5.1 mm Hg in the Baerveldt group (55% reduction from baseline, P G 0.001; comparison between groups, P = 0.09). Although the Ahmed group required fewer glaucoma medications at the 1-day, 1-week, and 2-week follow-up visits (P G 0.05), the Baerveldt group required fewer medications from 2 months onward with 25% of the Ahmed group and 50% of the Baerveldt group medication free at 3 years (P G 0.001). The most common long-term complication was cornea edema, affecting 7% of the Ahmed group and 14% of the Baerveldt group at 3 years (P = 0.08). 62 Two meta-analyses 63, 64 examined the efficacy and safety of Ex-PRESS implantation compared with trabeculectomy for uncontrolled POAG (3 of the 4 randomized controlled trials included in each analysis were the same) and found the 2 interventions to have similar efficacy in IOP reduction. Ex-PRESS implantation was associated with higher rates of complete operative success and fewer hyphemas compared with trabeculectomy. 63, 64 Patel et al 65 also observed no significant different in success rates between the 2 operations but found that the overall 1-year cost was significantly greater for Ex-PRESS implantation, and the incremental cost-effectiveness ratio was $9625 (95% CI, $2435Y$548,084).
Minimally Invasive Glaucoma Surgery
Grover and associates 66 reported preliminary results and safety data for gonioscopy-assisted transluminal trabeculotomy, a minimally invasive circumferential trabeculotomy that improves upon conventional ab externo trabeculotomy by avoiding conjunctival and scleral incisions to identify the canal. In the POAG group, mean T SD IOP decreased by 11.1 T 6.1 mm Hg, 39.8% T 16.0%, with an average of 1.1 fewer glaucoma medications at 12 months. In the secondary glaucoma group, mean T SD IOP decreased by 19.9 T 10.2 mm Hg, 52.7% T 17.4%, with an average of 1.9 fewer glaucoma medications at 12 months. Treatment was considered a failure in 9% of patients who required further glaucoma surgery. Lens status or concurrent cataract extraction did not significantly affect IOP at 6 or 12 months (P 9 0.35), and transient hyphema, seen in approximately 30% of patients at the 1 week visit, was the most common adverse effect. 66 These preliminary results are promising, and gonioscopyassisted transluminal trabeculotomy may become part of the arsenal with which specialists approach uncontrolled glaucoma.
Ahuja and colleagues 67 retrospectively collected data from 246 patients undergoing ab interno trabeculotomy with (n = 158) or without phacoemulsification (n = 88), including 23 patients with prior failed trabeculectomy or tube shunt. The mean IOP was reduced 29% (P G 0.001) and glaucoma medications reduced 38% (P G 0.001) at 24 months postoperatively compared with preoperative values. Statistically significant reductions in IOP lasted up to 36 months and medications up to 42 months. At 24 months, 62% of patients achieved postoperative IOP less than or equal to 21 mm Hg or IOP reduction greater than or equal to 20%; 22% of patients achieved the authors' most conservative success criteria of IOP less than or equal to 18 mm Hg and greater than or equal to 20% reduction in IOP. 67 In a comparison of direct costs of treating glaucoma patients within the Ontario Health Insurance Plan (Canada), Iordanous and associates 68 found that the Trabectome, iStent, and endocyclophotocoagulation may all offer modest savings to Ontario Health Insurance Plan compared with the cost of glaucoma medications over a projected period of 6 years.
Secondary Glaucoma
To investigate the causes of glaucoma after open globe injuries, Osman et al 69 retrospectively analyzed 41 repaired open globe injuries over a 14-year period that developed traumatic glaucoma. They observed that the causes of elevated IOP varied depending on the length of time after repair. Intraocular pressure elevation within 1 month of repair was attributed to retained lens fragments (26.8%), inflammation (14.6%), and hyphema (7.3%). Elevated IOP in the 2-to 6-month period was the result of synechial angle closure (21.9%) and ghost cells (7.3%). After 6 months, high IOP was due to retained lens fragments (4.8%), angle recession (9.7%), and synechial angle closure (7.3%). The authors emphasize the importance of identifying the cause of elevated IOP to achieve appropriate and successful treatment. 69 Recognizing that eyes often develop glaucoma after Boston type I keratoprosthesis surgery, Qian and associates 70 evaluated the role of anterior segment OCT as a method of visualizing iris and angle structures after keratoprosthesis surgery. Although anterior segment OCT revealed anatomical changes that could not be detected on clinical examination, the authors were unable to demonstrate a relationship between anatomical features and clinical glaucomatous progression. 70 In the Fluocinolone Acetonide for Diabetic Macular Edema studies demonstrating the visual benefit of fluocinolone acetonide (FAc) implants in patients with diabetic macular edema, elevated IOP was a common adverse event. 71 In the FAc 0.2 Kg/d group, IOP-lowering medications were required in 35.9% to 41.8% of patients compared with 12.5% to 15.2% of patients in the sham group. Intraocular pressure-related surgery including trabeculectomy, glaucoma surgery, or vitrectomy for elevated IOP was required in 4.4% to 5.2% (8 and 10 eyes, respectively) of treatment (FAc 0.2 Kg/d) group eyes compared with 0% to 1.2% (1 eye) of the eyes in the sham group. 71 
Glaucoma Genetics
Nature Genetics published 3 studies that together significantly add to the volume of literature on the genetic basis of glaucoma. Chen and associates 72 conducted a genome-wide association study for POAG in 1007 high-pressure glaucoma patients and 1009 controls. They observed a significant association at multiple single-nucleotide polymorphisms near ABCA1 at 9q31.1 and suggestive evidence of an association in PMM2 at 16p13.2, findings that were replicated in 2 additional large sets of cases and controls. ABCA1 and PMM2 are expressed in the trabecular meshwork, optic nerve, and other ocular tissues, and ABCA1 is highly expressed in the retinal ganglion cell layer. 72 Gharahkhani and colleagues 73 evaluated 1155 patients with POAG and 1992 controls and 4 additional replication cohorts totaling 3548 POAG patients and 9486 controls in a genome-wide association study and identified 3 new common variants located upstream of ABCA1, within AFAP1, and within GMDS that confer an increased risk of POAG. As noted previously, ABCA1 is expressed in the retina, trabecular meshwork, and optic nerve, and AFAP1 is expressed in retinal ganglion cells. 73 Finally, Hysi et al 74 described the results of a meta-analysis of 18 population cohorts from the International Glaucoma Genetics Consortium, comprising 35,296 multiancestry patients, which confirmed genetic association of known loci for IOP and POAG. In addition, authors identified 4 new loci associated with IOP, 2 of which are on chromosome 9 near ABCA1. A separate meta-analysis totaling 4284 cases and 95,560 controls revealed that 3 of the loci for IOP were also associated with POAG. 74 Researchers in the Thessaloniki Eye Study 75 found that the G153D single-nucleotide polymorphism of LOXL1 gene was strongly associated with PEX and PEXG, but gene variants of the LOXL1 did not help identify PEX subjects at increased risk for glaucoma.
Glaucoma Morbidity
Malihi and associates 76 investigated trends in blindness due to glaucoma in a longitudinal study of all residents of Olmsted County, Minnesota, aged 40 years or older who were diagnosed with OAG between January 1, 1965, and December 31, 2000. Blindness was defined as visual acuity less than or equal to 20/200 or VF constriction to less than or equal to 20 degrees. The probability of progression to glaucoma-related blindness in at least 1 eye at 20 years after diagnosis was significantly lower for subjects diagnosed from 1981 to 2000 compared with those diagnosed between 1965 and 1980 (13.5%; 95% CI, 8.8Y17.9 and 25.8%; 95% CI, 18.5Y32.5, respectively, P = 0.01). 76 In a study of 18,240 participants who underwent health evaluations including glaucoma screening and subsequent glaucoma evaluation, when indicated, the metabolic syndrome components hypertension and impaired glucose tolerance were associated with an increased risk of NTG. 77 Kim et al 77 suggest that metabolic syndrome components may play a role in the pathogenesis of NTG.
Charts of 43 eyes of 36 patients who underwent combined cataract extraction and glaucoma surgery (either trabeculectomy or glaucoma drainage device) were reviewed retrospectively to evaluate refractive outcomes. 78 Spherical equivalent between j1.00 and +0.50 D was achieved in 74% of the eyes 3 to 6 months after surgery. Tzu and associates 78 judged these outcomes to be favorable given the potential alteration of measurements and introduction of error in a combined approach.
CONCLUSIONS
The studies described previously are only a minority of the many interesting contributions to the glaucoma literature in the past year. Although some of these studies provided answers to questions regarding the pathophysiology, diagnosis, and management of glaucoma that can be implemented by clinicians at present, many others laid the foundation for future research inquiries. The years ahead are certain to disclose insights in the genetic basis of glaucoma, neuroprotection, improved early diagnostic methods, and new treatment modalities.
